Background and purpose -Patients with anxiety and/or depression tend to report less pain reduction and less satisfaction with surgical treatment. We hypothesized that the use of antidepressants would be correlated to patient-reported outcomes (PROs) 1 year after total hip replacement (THR), where increased dosage or discontinuation would be associated with worse outcomes.
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The prevalence of depression, assessed in several sub-populations, ranges from 3% to 20% (Blazer et al. 1994 , Kessler et al. 2003 , Wilhelm et al. 2003 , Li et al. 2008 ). Depression is not limited to psychological and emotional effects alone, but is also linked to reduced physical function, greater experience of pain, and overall impairment in health-related quality of life (HRQoL) (Creed et al. 2002 , Rosemann et al. 2007 , Scopaz et al. 2009 , Axford et al. 2010 ). The physical symptoms of depression may refl ect those of osteoarthritis (OA). Somatic symptoms such as sleep disturbances, weight gain, and musculoskeletal aches and pains may confound the diagnosis of depression in patients living with OA (Rosemann et al. 2007 ). Those suffering somatic symptoms are at a higher risk of developing the psychological elements of depression as well (Tylee and Gandhi 2005) .
OA is a debilitating joint disease in ageing populations (Quintana et al. 2008) . Hip OA in a Swedish sub-population ranged from less than 1% in patients younger than 55 and up to 10% in those over 85 (Danielsson and Lindberg 1997) . Because OA patients experience chronic pain and reduced hip function, these factors in turn have a negative infl uence on the patient's HRQoL.
Total hip replacement (THR) is a highly effective treatment for most (but not all) patients suffering from severe OA of the hip (Quintana et al. 2008) . Thus, identifi cation of protective factors and risk factors associated with better and worse patient-reported outcomes (PROs) is important. Standard clinical radiographs and implant survivorship do not give the clinician a sense of how patients feel about their surgery or condition. Patient-reported outcome measures (PROMs) enable patients to assess their own condition in the pre-and postoperative periods. Sex, age, and comorbidity status are factors that are known to infl uence outcomes in THR patients after primary and revision surgery (Singh and Lewallen 2009 , Anakwe et al. 2011 , Rolfson et al. 2011 . Identifi cation of additional preoperative risk factors may aid surgical assessment before THR, allowing physicians to anticipate patient outcomes more accurately.
Studies have shown that patients suffering from depression who undergo surgery report less satisfaction and pain reduction with treatment, and those who undergo THR have a greater risk of postoperative complications and revision (Scopaz et al. 2009 , Riediger et al. 2010 , Bozic et al. 2014 , Browne et al. 2014 . Because the prevalence of depression and/or anxiety in populations with OA has been measured to be as high as 41%, we wanted to assess PROMs 1 year after THR, taking the patient's psychological status into account (Lin et al. 2003 , Marks 2009 , Scopaz et al. 2009 , Axford et al. 2010 . Many patients show no notable improvement from antidepressants for mild to moderate depression (Khan et al. 2002 , Moncrieff and Kirsch 2005 , Hermens et al. 2007 , Fournier et al. 2010 . As a result of these fi ndings and the fact that some patients manage chronic pain with antidepressant medication, we analyzed a Swedish THR population to investigate the use of antidepressants, as a surrogate for psychological status, before surgery and its infl uence on PROMs 1 year after THR. We hypothesized that there would be a correlation between antidepressant use and poorer outcome. We also hypothesized that increased dosage and discontinuation of antidepressant medication would correlate with even poorer outcomes after THR.
Patients and methods
The inclusion criteria covered all the patients registered in the Swedish Hip Arthroplasty Register who had undergone THR due to primary OA from July 2006 through December 2007 . The register had a nationwide completeness of individual registration of primary THRs of 97% during the study period, a fi gure that is assessed annually (Karrholm et al. 2008) . Participation in the register's PROM program preoperatively and 1 year postoperatively was required. The PROM protocol comprised the HRQoL measure EQ-5D (EuroQol Group), a visual analog scale (VAS) for pain, the Charnley classifi cation survey, and a VAS addressing satisfaction with the outcome of surgery (Rolfson et al. 2011) . Anyone who died or underwent reoperation before the 1-year follow-up was excluded from the analysis. If a patient had bilateral hip surgery, only the fi rst hip was included, except if the PROM follow-up was incomplete. When this occurred, the second hip was included if a complete PROM was available for that hip. The remaining cases were linked to the Prescribed Drug Register at the National Board of Health and Welfare (which covers all prescription purchases in Sweden since July 2005) to determine which individuals purchased prescribed antidepressants (code N06A according to the Anatomical Therapeutic Chemical [ATC] Classifi cation System). To avoid studying groups who received antidepressants for other conditions such as addiction, cancer, dementia, and Parkinson's disease, patients taking any medication with ATC code N05A, N04, N06D, N03, N07B, N06AX12, or L02BA01 were excluded. The study population consisted of 9,092 patients ( Figure 1) .
Use of antidepressants in this population was defi ned as the purchase of antidepressant medications up to 1 year before surgery. The antidepressant group was subdivided into 5 groups. First, patients with prescription text indicating depression with no mention of anxiety were considered to be depressed. Secondly, patients with prescription text indicating anxiety with no mention of depression were considered to be anxious. Thirdly, patients who had both depression and anxiety mentioned in the prescription text were categorized as a separate mixed group. Fourthly, patients with prescription text specifying chronic pain, pain syndrome, or prescriptions of Gabapentin (N03AX12), Pregabalin (N03AX16), or Tryptizol (N06AA09)-where at least 1 of the prescription texts mentioned pain-were classifi ed as pain syndrome patients. Those with Gabapentin or Pregabalin without any mention of pain were not included in the antidepressant group, even if they also had antidepressant treatment. Lastly, when there was no text indicating the reason for prescription of antidepressant, the patient's diagnosis was classifi ed as unknown.
To verify that the patients used their medication, the medication possession ratio was calculated (Andrade et al. 2006) . A ratio of 1 indicated perfect compliance, where the patient was in possession of his/her medication during 100% of the treatment period, while a ratio of 0.5 indicated possession 50% of the time. A ratio above 0.8 was considered to be an indicator of good compliance.
Statistics
Linear regression analyses were performed where outcome measures (patient satisfaction, EQ-5D index and EQ VAS, and pain VAS) were dependent variables. Bayesian model aver- aging was used to determine which variables signifi cantly infl uenced each outcome parameter, and then these variables were included in the given model (Hoeting et al. 1999 , Genell et al. 2010 ). The independent variables tested for each model were: sex, age at surgery, whether the hip was the patient's fi rst or second THR, musculoskeletal comorbidities defi ned by Charnley class, presence of an antidepressant prescription, and the usage pattern of the antidepressant medication. Patientreported preoperative pain (VAS pain score) and HRQoL (EQ-5D index and EQ VAS score) were also included as independent variables, as preoperative health status has an infl uence on how patients report their outcomes at 1 year (Greene et al. 2014, 2015a and . Finally, the patient's response to the fi fth dimension of the EQ-5D preoperative survey indicating extreme, moderate, or no anxiety/depression was included as an independent variable (Rolfson et al. 2009 ). Any independent variable with a posterior probability of 0.50 or less after Bayesian model averaging was excluded from the given model (Genell et al. 2010) . Piecewise linear regression splines were applied to the EQ-5D index, EQ VAS, and pain VAS models to determine if the relationship between the preoperative and postoperative scores were linear or if they would benefi t from the use of a change point to more accurately model their relationship (Greene et al. 2014 ). The fi t of the linear regression and the segmented regression models for each outcome was tested using Bayesian information criterion (BIC). The model with the lower BIC value was used to determine the infl uence of the independent variables on the outcome.
SPSS statistical software version 20 was used to merge and create the study variables. R (version 3.1.2) together with the "segmented" package for change point estimation and the "BMA" package for Bayesian model averaging were used for statistical modeling. Signifi cance for all tests was assumed with p-values ≤ 0.05.
Ethics
Ethical approval was obtained from the Central Ethical Review Board, for the collection of PROMs (S 067-02) and merging of the Arthroplasty Register with the Prescribed Drug Register (328-08).
Results
Up to 1 year before surgery, 10% of the patients acquired antidepressants at least once (n = 943). Of the patients who were treated with antidepressants, 43% had prescription text indicating depression (n = 405), 4% had text indicating anxiety (n = 34), 6% had text indicating both depression and anxiety (n = 60), and 14% had prescription text indicating pain (n = 136). Of the individuals with text indicating treatment for pain, 29 were also treated for depression, 2 were treated for anxiety, and 2 were treated for both anxiety and depression. The remaining 341 patients (36%) with antidepressant prescription purchases had no prescription text giving the indication for the medication.
The majority of patients who took antidepressants had continuous usage throughout the observation period (n = 581, 62%). The median MPR was 0.98 (IQR: 0.85-1.0). The prevalence of antidepressant usage increased with the self-reported severity of anxiety/depression in the EQ-5D survey. 6% of patients who did not report anxiety/depression, 17% who reported moderate anxiety/depression, and 29% who reported extreme anxiety/depression used antidepressant.
Patients who used antidepressants had poorer HRQoL and higher levels of pain before and after THR, and generally experienced less satisfaction from the treatment ( Table 1) . Purchase of prescription antidepressants had an infl uence on patient-reported HRQoL (EQ-5D index and EQ VAS) and pain (VAS) 1 year after THR, but it was not associated with satisfaction with the outcome of surgery (VAS) ( Table 2) . Patient responses to the anxiety/depression dimension of the EQ-5D survey were, however, associated with each of the 4 outcomes irrespective of whether the respondent had an antidepressant prescription or not, and they were therefore included in each of the regression models. Similarly, age, Charnley classifi cation, and preoperative EQ VAS score were included in each of the 4 outcome models. The hip order variable alone (whether the included hip was the fi rst or second treated with THR) was not included in any of the regression models ( Table 2) .
The EQ-5D index was the only model that benefi ted from the use of piecewise linear regression splines with a change point at a preoperative EQ-5D index of 0.051 (95% CI: 0.001- (Table 3) due to the capacity of the scale; however, they did not achieve postoperative EQ-5D indices that were as high.
Controlling for age at surgery, musculoskeletal comorbidities, preoperative HRQoL (EQ-5D index and EQ VAS), and preoperative pain, possession of a prescription for antidepressant medication had a negative infl uence on patient-reported HRQoL, as refl ected in both the EQ-5D index (Figure 2 ) and the EQ VAS ( Figure 3 ) 1 year after THR. More striking was the infl uence of self-reported anxiety/depression in the fi fth dimension of the EQ-5D survey, where those who reported extreme anxiety/depression had signifi cantly lower EQ-5D indices and EQ VAS scores. In the case of the EQ VAS, patients who reported extreme anxiety/depression had worse scores than individuals with multiple musculoskeletal comorbidities. Figure 2 . Linear regression results of the independent categorical variables including the dichotomous antidepressant variable, where the points represent the slope coeffi cient with the 95% confi dence interval (CI) for the dependent EQ-5D index variable. EQ-5D indices can range from -0.594 to 1.0. Any variable without a CI was the reference variable and any CI that did not include 0 represents a signifi cant infl uence on the EQ-5D index. Preoperative EQ-5D index, EQ VAS, pain VAS, and age were the infl uential continuous variables on postoperative EQ-5D indices as indicated in Table 3 . Figure 3 . Linear regression results of the independent categorical variables including the dichotomous antidepressant variable, where the points represent the slope coeffi cient with the 95% confi dence interval (CI) for the dependent EQ VAS variable. EQ VAS values can range from 0 to 100. Any variable without a CI was the reference variable and any CI that did not include 0 represents a signifi cant infl uence on the EQ VAS. Preoperative EQ-5D index and EQ VAS scores and age were the infl uential continuous variables on postoperative EQ VAS scores as indicated in Table 3 .
Controlling for age at surgery, musculoskeletal comorbidities, preoperative HRQoL (EQ VAS), and preoperative pain, individuals with antidepressant prescriptions tended to report postoperative pain levels 2 points greater on the pain VAS than their peers did. Consistent with the postoperative HRQoL trends, patients who reported extreme anxiety/depression in the preoperative EQ-5D survey reported signifi cantly higher postoperative pain (Figure 4) . Antidepressant prescriptions did not appear to infl uence patient-reported satisfaction with the outcome of THR 1 year after surgery. Self-reported anxiety/depression did, however, have a negative infl uence on how patients reported their satisfaction as much as or more than the presence of additional musculoskeletal comorbidities ( Figure 5 ).
Discussion
Controlling for the known confounders sex, age, comorbidity, and preoperative health status, we found that the use of antidepressants was associated with more pain and lower HRQoL before and at 1 year after surgery. The infl uence of antidepressants on outcomes was independent of the response to the anxiety/depression dimension of the preoperative EQ-5D questionnaire.
The strength of this study stems from the use of the nationwide register of OA patients receiving THR. In conjunction with the nationwide register of prescription drug purchases, we were able to create a homogenous study population that excluded important confounding groups. Specialized code allowed the identifi cation of various stages and severity of disease in patients taking antidepressant medications. Finally, rigorous validation ensured viable data and robust statistical methods accounted for multiple variable types.
A limitation of this investigation was that in 36% of the patients the indication for the antidepressant medications could not be identifi ed. A review of a Swedish sub-population found that antidepressants were primarily prescribed for depression (66%), followed by anxiety (14%), and treatment of pain (11%), giving an idea of the distribution-but not specifi cally in an OA population (Henriksson et al. 2003) . Another limitation is that we cannot know with certainty that patients took the medication prescribed. However, there is strong indication that most patients were following the treatment set by their physician because 62% of them continually obtained prescriptions throughout the study period, and the medication possession ratio was very high at 98%. The variety of clinical indications for prescription of antidepressants and the unknown defi nitive level of compliance with treatment may limit our understanding of how psychological distress truly infl uences PROs in this population. The aim of the study was to investigate preoperative factors associated with poor patient outcomes. For this reason, we did not investigate the novel, continued, increased, or discontinued use of antidepressants after surgery. Studies that focus on these postoperative factors-such as the work of Duivenvoorden et al. (2013) -help to explain how antidepressant treatment continues to infl uence PROs after surgery. The use of PROMs with bounded scores may have been a limitation in this investigation, but this will always be the case in studies using standardized patient-reported data. As soon as a Figure 4 . Linear regression results of the independent categorical variables including the dichotomous antidepressant variable where the points represent the slope coeffi cient with the 95% confi dence interval (CI) for the dependent pain VAS variable. Pain VAS values can range from 0 to 100. Any variable without a CI was the reference variable and any CI that did not include 0 represents a signifi cant infl uence on the pain VAS. Preoperative EQ VAS and pain VAS scores and age were the infl uential continuous variables on postoperative pain VAS scores as indicated in Table 3 . Figure 5 . Linear regression results of the independent categorical variables including the dichotomous antidepressant variable where the points represent the slope coeffi cient with the 95% confi dence interval (CI) for the dependent satisfaction VAS variable. Satisfaction VAS values can range from 0 to 100. Any variable without a CI was the reference variable and any CI that did not include 0 represents a significant infl uence on the satisfaction VAS. Preoperative EQ VAS and age were the infl uential continuous variables on satisfaction VAS scores as indicated in Table 3 . measure has an upper or lower bound, there is the opportunity for ceiling or fl oor effects. Patients with very high preoperative scores have little room for measurement of improvement after THR, and the sensitivity of the scale for those patients may be questioned. We did our best to mitigate this by applying a change point where it was relevant (EQ-5D index), and we were able to measure average improvement in these patients with high HRQoL before surgery, indicating that there was suffi cient statistical power in this large population for skewed data not to be a concern.
Currently, sex, age, and comorbidity status are considered before THR surgery (Espehaug et al. 1998 , Rolfson et al. 2009 , Anakwe et al. 2011 . Since these known predictors are accounted for preoperatively, our fi ndings suggest that patients undergoing treatment for depression may also benefi t from special consideration and perhaps education before THR, to better understand how their mental state and their medication usage patterns may infl uence their outcomes after surgery.
The sale of antidepressants in Sweden increased 6-fold from 1990 to 2002 (from 9 to 57 defi ned daily doses per 1,000 inhabitants), which is consistent with increases in treatment of depression seen in other populations (Henriksson et al. 2003 , Kessler et al. 2003 , Henriksson and Isacsson 2006 . The substantial increases in antidepressant prescriptions triggered a number of groups to examine the effectiveness of this treatment, and they found that effi cacy varies substantially as a function of the severity of depression symptoms. At baseline, patients who were severely ill benefi ted from antidepressants, but patients who had mild, moderate, or even severe symptoms had no marked improvement from antidepressants (relative to placebo treatment or standard primary care) (Khan et al. 2002 , Moncrieff and Kirsch 2005 , Hermens et al. 2007 , Fournier et al. 2010 . While a proportion of our treated study patients may have been experiencing benefi ts from their antidepressant treatment, others may have seen little effect on their condition-as indicated by the proportion of antidepressant patients who reported having extreme problems in the anxiety/depression dimension of the EQ-5D preoperatively. At the same time, we presume that some proportion of the study population was experiencing symptoms of depression, anxiety, or pain syndrome but was not receiving treatment for them, as indicated in the self-reported anxiety/depression dimension of the EQ-5D survey. Because some of the patients may have been experiencing these conditions but not taking antidepressants, the effect of depression, anxiety, and pain syndrome on PROs was probably dampened in this population-thus suggesting that these conditions may have an even greater negative effect on pain reduction, satisfaction, and improvement in HRQoL after surgery than the results of this study suggest. For these reasons, a prospective study assessing the presence of depression symptoms, anxiety symptoms, or pain syndrome symptoms with specifi c measures might better determine how these conditions infl uence PROs.
Osteoarthritis, depression, and pain are commonly treated in the primary care setting. Physiotherapy and education about OA in the early stages of the disease could teach patients how to cope with their musculoskeletal pain. Because OA patients sometimes associate activity with increased pain and therefore assume that additional injury is occurring, fear may play a role in inhibiting patient activity. Contrary to what patients might assume, avoidance of activity may in fact contribute to physical deterioration and muscle weakness (Heuts et al. 2004) . Depression in patients with OA has been linked to sensitivity to pain and reduced ability to cope with the disease (Rosemann et al. 2007 ). Because depressive disorders are common in patients with chronic pain, education about continued activity should be considered not only as a non-surgical treatment for OA, but also as a preventative measure against the development of depression (Tylee and Gandhi 2005) .
Our fi ndings suggest that the patient's mental health status before surgery is associated with PROs, which is consistent with the fi ndings of McHugh et al. (2013) . Poorer outcomes associated with antidepressant use may be due to inadequate participation in rehabilitation because of fear of or low levels of motivation, heightened pain sensitivity, reduced ability to cope with illness, and/or lower or uncertain expectations of pain relief and functional recovery (Lin et al. 2003 , Rosemann et al. 2007 , Marks 2009 , Singh and Lewallen 2009 , Axford et al. 2010 . Identifi cation of antidepressant users preoperatively may allow the surgeon to address these areas of concern before surgery and further encourage participation in rehabilitation after surgery, in the hope of avoiding persistent pain and dissatisfaction with treatment.
A recent study found that patients with a history of depression experienced substantially more pain before surgery than those without any history of mood disorders (Marks 2009 ). Axford et al. (2010) , on the other hand, found only weak correlations between depression status and level of pain experienced by the patient. Other studies have found that pain was actually the greatest predictor of depression in patients with OA, raising the question of whether the pain had led to depression or whether depression had caused the patient to experience a greater level of pain (Rosemann et al. 2007 ). Regardless of which condition occurred fi rst, the diagnosis of depression in patients affl icted with chronic pain could shed light on the best way to treat their pain.
The expectations of pain reduction and improved HRQoL are the most common reasons for patients seeking THR. Thus, failure to reduce pain for any reason may have a negative infl uence on patient satisfaction and HRQoL (Anakwe et al. 2011) . Identifi cation of risk factors for continued pain after surgery enables clinicians to improve the usefulness of THR for patients with preoperative predictors of poor patient outcomes. For these patients, preoperative education and/or nonsurgical interventions may be used to improve the outcome of THR later. Lin et al. (2003) showed that arthritis patients who received enhanced depression care that involved antidepres-sants and/or psychotherapy sessions showed marked improvements in pain, physical function, and HRQoL. These results indicate that for some patients, treatment of their depression may actually improve their ability to cope with their joint disease even without surgery.
Understanding a patient's mental health before surgery may play a key role in management and education of patients eligible for THR. Patients receiving treatment with antidepressant medications should be informed of the risks associated with their course of treatment. Our fi ndings add knowledge to preoperative risk assessment. Patients at risk of having poorer outcomes may be identifi ed through review of their medical records, and clinicians are encouraged to review or screen OA patients for psychological distress and inform them of the risk of inferior outcomes.
MEG: study design, data analysis, statistics, and interpretation of data. OR: study design, and analysis and interpretation of data. MG: study design, and preparation, merging, and analysis of data. KA: validation of data, clinical classifi cations, and interpretation of data. HM and GG: study design and interpretation of data. All the authors edited the manuscript and approved the fi nal draft.
We thank Szliard Nemes for his guidance with the statistical part of the work. The study was funded by the Harris Orthopaedic Laboratory and the Swedish Hip Arthroplasty Register. OR received funding through grants from the Felix Neubergh Foundation, the Göran Bauer Grant, the Swedish Society of Medicine, and the Wangstedt Foundation.
